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During the second year of the collaboration, important progress was accomplished.

A. Technical status

Keck | observatory operations have continued to improve and the past four months
were without major incident. Time lost to Hardware & Software problems continue to decrease
substantially and overall efficiency is being monitored to determine where further
improvements can be made. Optical performance is continuing to improve and the current
performance on engineering tests proceeds to be close to the observatory design goals. A
significant software bug was uncovered and corrected in the optical alignment procedures
that are used to improve image quality on the scientific instruments.  Software development
continues at a high level and several other important improvements have been made.

Keck Il construction progress continues toward completion with current plans to start
operations in October 1996. Telescope positioning hardware integration is progressing with
installation and initial alignment of the adjustable bar code, PRM reader mounts, azimuth and
elevation encoders, and the first bent Cassegrain rotator, in preparation for PCS integration.
Azimuth and elevation servo position loops have been closed. Adjustments to the forward
Cassegrain module defining points and transport rail system for module interchangeability
between telescopes are progressing. The primary mirror subcells have been surveyed and
adjusted. The /15 secondary module, including an aluminized mirror, mercury girdle and the
vacuum system, has been installed on the telescope and the module has been recentered to
put the optical center of the mirror within 0.2 mm of the telescope optic center. The tertiary
tower defining points were adjusted to correct for a decenter of 6.5 mm and a tilt of 7 arcmin.
The tertiary mirror truss and subcell have been installed in the tertiary module and the tertiary
mirror has had its whiffletrees installed and has been aluminized. The star stacking camera has
been assembled and aligned and its bent Cassegrain rotator has been installed on the
telescope. Twelve primary mirror segments are on the summit in preparation for installation. Six
of the segments have been aluminized. The Active Control System cabling to the node boxes,
and the node boxes themselves, have been installed on the telescope and are ready for
segment installation.

A seismic preparedness review of the telescopes and support facility was performed
with assistance from Cailtech faculty and staff. An action plan was developed for critical
hardware, susceptible to seismic damage, and is being implemented.

Progress continued on the development of adaptive optic (AO) and interferometric
capabilities. Seven of the eight open design issues that were identified at the May 1995
Conceptual Design Review meeting have been resolved. The results were: off-axis laser
projection; two techniques compensating for sodium beacon distance variations; alignment of
NIRC-2 to the AO bench; pump lasers on the dome floor; fixed AO bench; and the two LLNL
subsystem contracts in place. The remaining issue, development of phased development

.



plans, will be addressed at the PDR. The AQO software design book is continuing fo progress,
especially the system architecture, high level coordination sequences, and the wavefront
controller interface definition. Lick Observatory and CARA staff have collaborated to produce
a PDR level design of the AO bench mounting to the Nasmyth platform, JPL has been working
on an dlignment study, and Wynne has produced an IR atmospheric dispersion corrector
design.

B. Telescope Commissioning and Usage

During the last quarter, the telescope was scheduled 92 of 92 nights. Twelve nights were
scheduled for engineering, 9 with PCS, 1 with LRIS, or 13% of the available time. In addition, é
nights were devoted to LWS commissioning. LRIS was used on 39 nights or 42%, NIRC on 18
nights or 20% and HIRES on 17 nights or 18%. Of the scheduled nights, 87% was for science
observing or instrument commissioning and 13% was telescope engineering. Overall the total
available time was distributed as: 9% weather lost, 42% science integration time, 18%
engineering time and the balance was consumed by hardware and software problems and
telescope/instrument start up time (Set up, find object, slew time, rotator time loss, etc.). The
lost time from H/W & S/W problems of 7% was significantly reduced relative to the previous
period, which has resulted in more science integration time. Of the 12 engineering nights, most
were devoted to optical alignment and segment exchange. The median image quality was
roughly 0.70 arc seconds during the period. This imaging performance is unsurpassed for any
large telescope in its first few years of full operation, a tribute to the care that went into the
design for maintaining good thermal conditions inside the dome. Realization that the images
delivered to astronomers could be much better has focused our attention on that objective in
the future.

Scientific Instruments -- High Resolution Echelle Spectrometer {HIRES) continues to be
used routinely with high efficiency and reliability. Low Resolution Imaging Spectrograph (LRIS)
had the most use at 42%. Near-Infrared Camera (NIRC) is used routinely for observations <2.5
um. Long Wavelength Spectrometer (LWS) was in the process of being commissioned during
this period with é nights devoted to that activity in the September engineering period. That
initial LWS commissioning was completed, with diffraction limited images recorded at
approximately 12 microns, and all LWS software integrated into the observatory environment.
Compensation of focus for rotator angle has been implemented, but is currently only used for
LWS. LRIS coefficients have been determined, but are not yet tested. Rotater command
latency has been reduced from ~15 seconds to ~3 seconds. Further improvement will be
deferred until the Keck | retfrofit.

W. M. Keck Telescope Science Highlight for the period -- Astronomers reported finding
the most distant galaxy ever detected. At 14 billion light years from earth, the discovery pushes
back the earliest known time when galaxies were formed to only one billion years after the
current estimate for the "Big Bang” birth of this universe. The discovery was announced by
Caltech researcher Thomas Barlow, who said that the spectrum shadow of the galaxy was
found by his team during observation of an even more distant quasar, one of the brightest
bodies in the universe. Observation of a galaxy of that age, with characteristics similar to
galaxies that formed much later, and its apparent rapid accumulation may impact a number
of current theories on the early evolution and age of the universe.



C. Work in the coming year

Telescope operational completion is scheduled for this next period, including; final work
on Dome installation, Mirror support and Control system, Optics installation, and System test,
with First Light planned for early in this period. --Adaptive Optics -- PDR was set for early in the
next period for all AO subsystems, excluding the laser subsystem, to provide a design
configuration.
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